Ribonucleic acid synthesis in isolated calf thymus nuclei has already been demontreated to be partly DNA-dependent. This was shown by experiments in which deoxyribonuclease was added to nuclear suspensions and the ability of the DNAasetreated nuclei to incorporate C 4-labeled precursors into RNA was found to be impaired.1 2 Subsequent experiments showed this effect to be complex, and due, at least in part, to the fact that removal of the DNA from the nucleus alsojimpairs its capacity for ATP synthesis.3 The inhibition of ATP production can be prevented by replacing the DNA or by the additon of other polyanions (such as polyacrylic acid or polyethylene sulfonate) to the nuclear suspension. When ATP synthesis is restored in this way, many of the biosynthetic processes in the nucleus resume. 4 It was a surprising observation that more than 60 per cent of the total DNA in a nuclear suspension could be replaced by a nonspecific polyanion, and yet the synthesis of RNA and protein could proceed at nearly normal rates, as long as ATP supplies were adequate.4 This continuing capacity of DNA-depleted nuclei for RNA synthesis raised the question of whether such nuclei can synthesize RNA by a mechanism that does not require the direct participation of deoxyribonucleic acid. The experiments now to be described indicate, however, that probably all of the
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The experiments now to be described indicate, however, that probably all of the RNA synthesized in suspensions of isolated thymus nuclei is made on a DNA template, presumably by an RNA polymerase similar to that described in liver nuclei by Weiss, 5 in bacterial systems by Hurwitz and co-workers6 and by Stevens, 7 and in plant cell nuclei by Rho and Bonner. 8 The procedure we employed was to vary the DNA contents of thymus nuclei by treatment with deoxyribonuclease, and then to measure and compare the rates of RNA synthesis in fractions containing small but different amounts of residual DNA. The nuclei were isolated from fresh calf thymus tissue in 0.23-31 sucrose containing a small amount of CaCl2, as described previously,9 and then treated with crystalline pancreatic deoxyribonuclease for 30 minutes at 37°.2 4 The effects of DNAase treatment can be followed in the microscope, using the Feulgen reaction for DNA. 10 This test shows that individual nuclei differ considerably in their susceptibility to attack by the enzyme, since, after incubation, the residual DNA content varies from one nucleus to another. This fact is used later as a basis for their separation.
In studies of RNA synthesis, the DNAase-treatment was carried out in the presence of added polyethylene sulfonate in order to protect the ATP-synthesizing system of the nucleus.4 The nuclei were centrifuged down, washed to remove the enzyme, and resuspended in an incubation medium containing orotic acid-6-C14 as described previously.2' 4 Details of this incubation are given in the legend to Figure 1 . After 60 minutes' incubation at 370, the uptake of orotate-C'4 was stopped by the addition of an equal volume of cold 4 per cent HCl04. The nuclei were centrifuged down, washed repeatedly with cold 2 per cent HC104 to remove acid-soluble nucleotides, and then extracted with 3:1 ethanol-ether, and with ether. The ether suspension of nuclei was then subjected to fractionation in organic solvent mixtures of different densities.1 In this way, nuclei containing larger amounts of DNA could be separated from other nuclei containing less residual DNA (since the more DNA remaining in the nucleus, the higher its density). Four nuclear fractions were prepared by sequential centrifugation in CCl4-ether mixtures of densities 1.355, 1.348, 1.340, and 1.320. The specific activity of the C14-labeled RNA in each of the fractions was then determined as described earlier.2' 12 (More than 93 per cent of the counts incorporated under these conditions occur in nuclear ribonucleic acid.) The DNA content in each group of nuclei was also measured, using the Burton modification13 of the Dische diphenylamine reaction for deoxyribose.14 The specific activity of the nuclear RNA is plotted against DNA content in F'igure 1. Over this range of DNA concentrations the results can be expressed as a straight line in which the intercept passes through the origin. The results indicate that no appreciable synthesis of RNA occurs in nuclei which are completely lacking in DNA, even though the over-all ATP level of the nuclear suspension has been maintained. Other experiments of the same type have shown that the uptake of thymidine-2-C14 into the DNA of isolated nuclei is also D'NA-dependent. The results of one such experiment are plotted in Figure 2 . It is evident that more DNA synthesis occurs in nuclei that contain more DNA, and that nuclei lacking DNA will not incorporate C14-thymidine. This finding is in accord with the expectation that DNA synthesis occurs on a DNA "primer" and is mediated by a DNA polymerase similar to that described by Kornberg and associates15 and by Bollum. However, one does not observe a correspondingly clear requirement for the presence of DNA in the incorporation of C'4-amino acids into nuclear proteins. A plot of the specific activity of the nuclear proteins versus the DNA content of the nuclei is shown in Figure 3 . In this case the intercept is positive, indicating that one can remove all of the DNA from the nucleus and still retain a capacity for amino acid incorporation (provided that ATP levels are maintained by the protective effect of an added polyanion4).
Thus the results indicate that the syntheses of RNA and DNA in the nucleus are both directly dependent upon the presence of DNA, while the synthesis of the protein is not. This is in agreement with the earlier findings that the bulk of the What kinds of RNA are synthesized in the isolated thymocyte nucleus? We have shown previously that the most rapid uptake of C14-labeled precursors occurs in an RNA fraction which resembles DNA in its over-all base composition. '9 This has been called nuclear "messenger" RNA by analogy with the findings in bacterial systems.20' 21 Nuclear "messenger" RNAs have been isolated in quantity from the thymus,'9 and, more recently, from duck reticulocytes,22 by phenol fractionation of the residue that remains after extracting the ribosomes and removing the bulk of the DNA.
The base composition of nuclear "messenger" RNA has been determined by direct chemical analysis based on the separation of the component nucleotides by chromatography on Dowex-1 columns.'9 The base composition can also be surmised from the distribution of radioactivity in the four different nucleotides obtained after alkaline hydrolysis of RNA previously labeled in the nucleus with P'2-orthophosphate. Such results are summarized in Table 1 , which compares the total p32 activity in each of the RNA nucleotides following a 30-minute incubation of thymus nuclei at 370. From the relative uptakes, and assuming all of the uptake to represent synthesis, one can calculate the base composition of the newly synthesized RNA. This is shown in the 5th column of the table. (The procedure assumes a uniform labeling of the four nucleoside triphosphate pools used in RNA synthesis, so that the usual phosphate transfers occurring between nucleotides during alkaline hydrolysis do not influence the over-all results. This method was used by Volkin and Astrachan in demonstrating the existence of "phage-specific" RNAs after bacteriophage infection of E. coli,23, 24 and by Yeas and Vincent in detecting "d-RNA" synthesis in yeast. 2) PROC. N. A. S. The calculated base composition of the P32-labeled RNAs can be compared with the base composition of thymus DNA (shown in the last column of the table). The results make it clear that most of the RNA being synthesized in these nuclei is of the "messenger" type, resembling DNA in its base composition, and having a high content of adenylic and uridylic acids.
From the relatively low uptakes in guanylic and cytidylic acids, one can also conclude that nuclear ribosomal RNA (which is rich in guanylic and cytidylic acids26) is not being made in appreciable quantities in this time interval. However, a closer examination of the P32 distribution does show P32 levels in guanylic and cytidylic acids that are slightly higher than would be expected if only "messenger"-type RNAs were being synthesized. This result agrees with the earlier findings that a little ribosomal RNA synthesis can occur in the isolated thymus nucleus.12 Its rate of synthesis is apparently negligible compared to that of the "messenger" fraction, since the latter dominates the synthetic picture and yet comprises only about 6 per cent of the total RNA of the nucleus. 19 This disparity in synthetic rates may reflect the physiological state of the thymus lymphocyte; most of these cells do not go on to divide in this tissue, and their nuclei need not be engaged in the synthesis of new ribosomes for growth and proliferation. It would be of interest to see whether the synthesis of ribosomal RNA in the nuclei of cells in a rapidly growing tissue culture is as completely DNA-dependent as is "messenger" RNA synthesis in the thymus nucleus. There are good reasons to believe that it is. For example, on the basis of experiments with Actinomycin D (which blocks RNA synthesis by combining with the DNA "primer"), Reich et al. 27 have concluded that all normal RNA synthesis in L-cells in tissue culture is DNA-dependent (though it is of interest in this connection that the synthesis of viral RNA in Mengo-infected cells is not DNA-dependent by this test28).
Since all synthesis of normal "messenger" RNAs and ribosomal RNAs seems to be DNA-dependent, one would expect to find DNA "primers" or templates for ribosomal RNA synthesis having a correspondingly high content of guanylic and cytidylic acids. We have obtained some preliminary evidence for the existence of a DNA with a high guanylic and cytidylic acid content which is associated with the "nucleolar" fraction of nucleated duck reticulocytes.29 Analyses of the DNAs associated with calf thymus and liver "nucleolar" fractions12 are now in progress. Considering the wealth of evidence that the nucleolus is an active site of ribosomal RNA synthesis (e.g., see refs. 30 and 31), it is not surprising that some DNA associated with the nucleolus should resemble ribosomal RNA in its base composition.
In discussions of the "messenger" RNA concept, great emphasis is placed on its resemblance to DNA and its rapid rate of synthesis. If, as it now appears, ribosomal RNA is also made by a DNA-dependent mechanism, certain distinctions between "messenger" RNAs and ribosomal RNAs may be lost, since ribosomal RNA can be synthesized at a very high rate in dividing cells. Further information on the function of ribosomal RNA, as well as its origins, is necessary before the differences are clear.
The results presented in this paper have indicated that all RNA synthesis in isolated thymus nuclei is DNA-dependent. The earlier findings that a large part (as much as 60 to 80 per cent) of the DNA can be removed from a nuclear suspension without impairing RNA synthesis can now be explained on the premise that the DNA removed was inactive, or repressed, and that DNA actively engaged in RNA synthesis tends to be more resistant to attack by deoxyribonuclease.
The case for repression of most of the DNA in a highly differentiated tissue such as the thymus seems very plausible. There are good grounds for supposing that the gene loci concerned with the synthesis of hemoglobin, serum albumin, the enzymes of digestion, myosin, and the structural proteins are all present in the chromosomes of the thymus lymphocyte, but they are not expressed. In the current view of gene function, repression of these regions of the chromosome means that their DNA is not actively engaged in "messenger" RNA synthesis. In other specialized organs and tissues, chromosomal regions that are "nonfunctional" in the thymus nucleus will be active, and many sites active in the thymus will be repressed. Considering the tremendous range of specialization in the thousands of different cell types in the body, it is not surprising that much of the DINA in a particular cell population may be inactive.
The control of DNA activity promises to be an area of growing interest. We have recently obtained some direct experimental evidence that DNA function in the chromosome is regulated by histones, and that removal of the histones results in an increased rate of nuclear RNA synthesis. For example, it is possible to increase the rate of P32-orthophosphate uptake into RNA by over 300 per cent, and to obtain a 4-fold increase in orotic acid uptake into RNA-uridylic acids by treating nuclear suspensions with trypsin under conditions that remove about two-thirds of the total histones. These findings will be reported in detail in a later publication. Summary. RNA synthesis in isolated thymus nuclei which have lost most of their DNA is directly proportional to the amount of DNA that remains. The same is true of thymidine incorporation into DNA. However, the uptake of amino acids into nuclear proteins is not directly DNA-dependent by this test.
From the distribution of radioactive phosphorus in the nucleotides obtained from RNA it can be concluded that nearly all of the RNA synthesized in the isolated thymus nucleus is of the "messenger" type.
Evidence is presented that most of the DNA in the isolated nucleus is inactive or repressed, as far as RNA synthesis is concerned. This is considered an indication of specialization of chromosomal regions in controlling the growth and development of highly differentiated tissues. The repression of DNA activity by histone
